• Severity of injuries in horses used to being kept in groups is overestimated.
Injury incidence, reactivity and ease of handling of horses kept in groups: A matched case control study in four Nordic countries
Introduction
Despite the fact that group housing is common in most farm animals, many horses are still kept singly during a large part of the day, although there is much evidence showing the benefits of keeping horses in groups (Hartmann et al., 2012a) . A problem seems to be a lack of knowledge about which horses can and should be kept together and a concern about the risk of severe injuries associated with keeping horses in groups (Hartmann et al., 2015) . Some stallions and horses used for competition purposes are never kept with conspecifics and other horses are only part time members of a group, being kept alone at night and in groups during the daytime (Knubben et al., 2008b; Wylie et al., 2013; Hartmann et al., 2015) . The main reason for not keeping horses in groups seems to be owners' concerns related to the risk of injuries in horses (Hartmann et al., 2015) . There are studies supporting that injuries can be severe, for example, as a result from being kicked by another horse (Fürst et al., 2006; Knubben et al., 2008a) , but how much this is due to the lack of space and competition over resources and how much to the social environment, i.e. the group composition, is not clear (Flauger and Krueger, 2013) . Another concern is that injuries are more likely to occur to a person when a horse is being removed from a group (Hartmann et al., 2012b) . However, there is to our knowledge no large scale study that systematically addresses whether these concerns are justified, even if it is well documented that features of the social and physical environment of an animal as well as details of the management affect behaviour (Fureix et al., 2012) . One reason for the lack of research in this area may be the difficulty of establishing large numbers of horse groups where these aspects are systematically varied.
This study was a collaborative effort among researchers in Sweden, Norway, Denmark and Finland using different breeds of horses to investigate keeping horses in groups under a diverse range of social and physical conditions. The treatments that were used in this study were the age and sex composition of the group and the stability of the group (i.e. whether new horses were added regularly and others removed). These aspects are most variable in practice and may be expected to affect the behaviour of horses (Bourjade et al., 2008) . The hypothesis was that more varied groups (mixed age or sex) would be easier to manage, in terms of separating a horse from its group, and would result in horses reacting less to novel objects in their environment. The latter was predicted based on results from Christensen et al. (2008) showing that a calm companion horse reduces fear reactions in naïve test horses. As older horses tend to be calmer (Bourjade et al., 2008) , a group with a mixture of older and younger horses could be expected to be less reactive. Further, we predicted fewer injuries with a stable composition of group members and in groups with horses of different ages and sexes, related to the presumed less time needed to establish and maintain dominance relationships. Parts of these data have been presented previously (Christensen et al., 2011; Jørgensen et al., 2009) , but this is the first time all data has been combined in a single analysis.
Methods
The research conducted in this study adhered with local ethical guidelines in each participating country.
Treatment groups
Using a matched case control design balanced within country, farm and breed of horse, new groups of horses were formed to investigate each of the different grouping strategies. In total, 61 groups (233 horses) were involved in the study which was carried out between September 2007 and November 2008 (Table 1) . There were 24 groups used to investigate the treatment comparison 'similar age' (young horses between 1 and 3 years old kept together) versus 'mixed age' (horses from 1 to 19 years old kept together), 22 groups to investigate the treatment comparison 'mixed sex' (mares and geldings kept together) versus 'single sex' (mares and geldings/colts kept separately), and 15 groups to investigate the treatment comparing 'stable' (group membership unchanged) versus 'dynamic' (one horse was removed from the group once per week during 6 weeks and replaced with a new horse from another dynamic group). The majority of horses were privately owned and mostly used for leisure purposes or they were young, untrained horses. All horses were accustomed to being kept in groups. For the purpose of our experimental design, horses were mixed into new groups (different group members than prior to each study) where they remained for at least 4 weeks. They were kept in groups on pasture for the entire 24 h period and some had either free or restricted access to additional roughage.
Three different types of data were collected for each horse. These were the number of injuries (including lameness) before and after grouping, a reactivity score for the reaction to a novel object and a score for the ease of removing a horse from the group after mixing horses into treatment groups. The reactivity and the separation test were not carried out on the stable/dynamic treatment groups as those horses were also part of another study.
Injury scoring
Each horse was inspected three times; at day 0, before the horses were placed into the treatment groups (baseline recording to know which injuries were present before mixing), the day after mixing and again at least 4 weeks after mixing. Injuries were recorded on the same spreadsheet for each horse during all three occasions which allowed us to only record new injuries at the second and third inspection after grouping. On the protocol, the position of the injury on the horse's body (see Fig. 1 ) and the severity of any injury or lameness were recorded. A complete description for each of the lesion scores and how the injury scoring system was validated is presented in Mejdell et al. (2010) . Skin lesions obviously related to itching, ringworm and forms of pastern dermatitis were not recorded. Lameness, if observed, was scored on a 5-point scale (1 = slightly lame, up to 5 = very lame; adapted from American Association of Equine Practitioners (AAEP), 2015). All inspections were carried out by observers well trained in the scoring system and experienced with horses. During inspections, horses were haltered to allow a thorough examination. Mejdell et al. (2010) .
Fig. 1. Distribution of new injuries (in percent) on the horses' body regions recorded on day 1 and 4 weeks after grouping. Injury scores were: 1 = Lesion involving hair loss only, 2 = Lesion involving a moderately swollen area and/or a superficial wound, but the skin is not cut through, 3 = Lesion involving a (minor) cut through the skin, 4 = Wound through the skin of a size that normally should be sutured by a vet, 5 = Extensive and severe injury that may lead to long lasting loss of function. A more complete description of the wound scores is provided in

Group reactivity test
Before the start of the reactivity test, small portions of hay and some concentrate feed (same number of portions as horses in the group) were placed 1.5 m apart in a row on the ground. The test person then entered the paddock with the novel object (4 conventional 0.5 l plastic bottles filled with stones bound to a 15 m rope) hidden behind her back. The person placed the object 10 m away from the fence, approximately 5 m in front of the feeding horses, and walked the same way back to the fence, keeping hold of the other end of the rope. When the person was out of the paddock, and 2 min had passed since the object had been placed on the ground, the rope was forcefully pulled towards the fence so that the bottles moved and made a sound.
The reactions of each horse in the group were recorded during the 2 min when the bottles had been placed in the paddock ('before'), when the bottles were suddenly moved ('during') and during the 2 min subsequently ('after'). Four different categories of response were recorded; 'no reaction' (horse remains stationary and continues feeding, may raise head from feed while chewing continues) and 'flight' (horse jumps or runs away from feed with elevated head, may snort forcefully) were recorded both before and during the bottles were moved, whereas the categories 'investigate' (horse approaches object, lowers its head to sniff or may move the object with its nose or front legs), and 'resume feeding' (horse returns to the feed portions) were only recorded after the bottles were moved. From this information, the proportion of horses reacting in each group was determined. No other treatment groups were in visual range of the group being tested. Thus, no horses had observed the novel object prior to being tested themselves.
Separating a horse from the group
Each horse in the group was approached individually in a predetermined, random order by an unfamiliar person. The approach, how the halter was put on the horse and how the horse was led out of the field and through the gate was carried out in a standardized way. For each stage of the removal process, the ease with which it was done to reflect the risk of injury to horse or human was scored on a scale from 1 to 3 (see Table 2 ). The horse was led back into the field and returned to the group after being held for approximately 2 min outside the field next to the gate. Immediately after the horse had been released, another horse was approached and removed from the group. In total, 195 horses were separated from a total of 42 groups. 
Data analysis
The non-parametric Wilcoxon signed rank test was used to compare the number of new injuries recorded the day after mixing and 4 weeks later between matched treatment groups, evaluating the effect of group composition (same versus mixed sex and age) and breed. The Wilcoxon signed rank test was also applied to compare the proportion of horses reacting in the different ways towards the novel object and to compare behavioural responses when a single horse was being removed between the groups of horses matched for treatments (similar and mixed age, same and mixed sex). MannWhitney U tests were used for comparing reactivity and the average number of injuries between the different breeds. We were not able to address potential interactions between treatment factors, such as age or sex, in this analysis, but the matched case control design accounts for variations between other aspects of management, paddock design, weather conditions etc. between farms and countries that we know can affect behaviour.
Results are presented as medians and first and third quartiles (Q1, Q3) with the exception of the number of new injuries per horse which is presented as mean and standard error. The significance level was set at P < 0.05. Data were analysed in Minitab Statistical Software (version 16.2.4, Minitab Ltd., 2013).
Results
Injury
Injury occurrence was recorded in 233 horses. A total of 1088 injuries were scored in this study of which 597 injuries were registered before grouping on day 0, 188 new injuries after grouping day 1, and 303 new injuries after 4 weeks. The majority of injuries were minor, recorded on day 1 (category 1: 151, 80.3%; category 2: 33, 17.6%) and 4 weeks later (category 1: 232, 77.3%; category 2: 61, 20.3%). A total of 3 (day 1) and 6 (4 weeks later) injuries were of category 3. The maximum score given was 4 and it was registered only twice, in 1-2 year old warmblood horses (one horse day 1, one horse 4 weeks later).
There was no difference between mixed age and similar age groups, mixed sex and same sex groups or the stable and dynamic groups in the mean number of new injuries recorded day 1 or 4 weeks after mixing (P > 0.05, Table 3 ). Icelandic horses had significantly fewer injuries than warmbloods on day 1 (W = 17189, P < 0.001, Table 3 ). After 4 weeks, Icelandic horses had fewer injuries compared to warmbloods (W = 8046, P < 0.001) and groups of mixed breeds (W = 4452, P = 0.003, Table 3 ). Most injuries following mixing were recorded on the horses' head, chest, rump and hindlegs (Fig. 1) . On day 1, Warmbloods had significantly more injuries located on the head (W = 8646, P < 0.001) and hindlegs (W = 9217, P = 0.022) than Icelandic horses and also 4 weeks after grouping (head: W = 9027, P = 0.005; hindlegs: W = 9066, P < 0.01). Overall, warmbloods also tended to have more injuries on the chest compared to other breeds (W = 37228, P = 0.08). Lameness was recorded directly after grouping in four horses (sncore 1) and 4 weeks later in one horse (score 2).
Reactivity
There were no significant differences in reactions toward the novel object between horses kept in similar and mixed age groups or between same and mixed sex groups (P > 0.05, Table 4 ). Only a few horses reacted when the object was placed in the paddock, but most horses showed a flight response when the object suddenly moved. The majority of horses investigated the object after it had moved, although only a few had resumed feeding within the 2 min of observation afterwards (Table 4) . Fewer Icelandic horses reacted when the object was moved compared to warmblood horses (W = 397, P = 0.007) and to the groups of horses of other breeds (W = 389, P < 0.001, Table 4 ). Furthermore, the median proportion of Icelandic horses investigating the object was higher than in groups of other breeds (W = 557, P = 0.04). Fewer horses of other breeds resumed feeding afterwards compared to the warmblood riding horse groups (W = 79, P = 0.006).
Table 4. Median proportion (quartiles Q1, Q3) of horses in a group reacting with a flight response before the novel object (plastic bottles filled with stones bound to a rope) was suddenly moved, during the movement and the proportion of horses investigating the object and resuming feeding within 2 min afterwards.
Treatment
Ease of handling
Horses of the mixed age groups were easier to halter than the young horses in the similar age groups (W = 4, P = 0.03) although the majority of horses could be haltered at the first attempt and easily led through the gate (Table 5 ). No differences in behaviour of the target horses were detected between groups of same or mixed sex (P > 0.05). However, the loose horses in mixed sex groups tended to be less likely to approach the target horse and handler compared to the loose horses in all male groups (W = 5, P = 0.06). Horses from all female groups tended to be more likely (W = 6, P = 0.07) to follow the target horse in a friendly way while it was being separated from the group than were horses from mixed sex groups. Only two horses, one belonging to a female group and one to a male group approached the target horse and handler in a threatening manner. 
Discussion
The objective of our study was to investigate the effect of group composition on the occurrence of injury among horses, the ease of removing horses from groups and horses' reactivity to a fearful stimulus. The only effects of group social composition were related to the ease of separating a horse from its group, where the age composition of the group affected the ease of catching the target horse, and the sex composition tended to affect the level of interference from other flock members when the target horse was being led away. Irrespective of the social structure of the group, by far the majority of horses were easily haltered and separated from the group. Breed differences accounted for most variation in the number and location of new injuries and for the variation in reactivity. Icelandic horses had fewer injuries and fewer reacted to the movement of the novel object. Most injuries to horses were minor, involving only hair loss or lesions with moderately sized bruises or scrapes of the skin, not requiring any medical attention. Thus, the data collected gives little, if any, support for the belief that keeping horses in groups is associated with a risk of severe injuries in horses leading to long lasting loss of function. Despite the formation of 61 new groups, only two severe injuries to horses (defined as "wounds through the skin involving injury to deeper tissues, e.g. muscle, tendon or a wound through the skin without visible damage to underlying tissue but of a size that normally should be sutured by a vet", Mejdell et al., 2010) were observed. We proposed that the optimal group has a stable membership of horses of mixed age and sex, but our results indicate that horses can be managed successfully (at least according to the variables recorded in this study), irrespective of the social composition of the group in which they are kept. In the following sections we discuss these results in more detail.
The incidence of severe injuries was very low and corresponds well with results from other research indicating that these injuries are rare in established groups of horses (Grogan and McDonnell, 2005; Lehmann et al., 2006; Jørgensen et al., 2009) . Horses usually display threatening behaviour first in a conflict situation in order to avoid direct, violent contacts potentially leading to injury (Waring, 2003) and even stallions rarely hurt each other during inter-male combat (McDonnell and Haviland, 1995; Christensen et al., 2002) . Thus, overt aggression is more likely to be a consequence of inappropriate management, which could include competition over limited resources such as feed or lack of space (Fureix et al., 2012) , or lack of previous social experience (Christensen et al., 2002) . The horses involved in this study had been kept in groups earlier and so had previous social experience with other horses, and all enclosures were relatively large (>0.5 ha).
Previous research has shown that when horses were introduced to each other in a standardized way, they behaved aggressively, but kicks or strikes did not result in actual body contact (Hartmann et al., 2009 (Hartmann et al., , 2011 Jørgensen et al., 2009 ). Our results suggest that immediately after establishing groups of horses new injuries do occur, and that new injuries continue to occur at least up to four weeks after mixing. It is also noteworthy that horses coming into the groups already had a large number of minor injuries, i.e. over half of the injuries recorded in this study were already present. Thus, it is not clear to what extent the injuries recorded in this study were caused by the regrouping or a consequence of living in a group. Injuries can be caused by aggressive encounters as the groups' social structure develops. Injuries can also be caused by rough social play or other behaviour (e.g. scratching) which increased the risk of being injured by features in the environment.
Group composition in terms of sex or age did not have an effect on the level of injuries. Fureix et al. (2012) propose that individual social characteristics of each group member may be more important than group composition per se, and it is known that aggressive interactions vary even in the same horse according to the behaviour of the other horse (Hartmann et al., 2009) . Nevertheless, there is some evidence that the presence of a dominant older horse reduces aggression, and several authors advocate keeping young horses together with adult horses instead of having all youngsters in one group (Bourjade et al., 2008 (Bourjade et al., , 2009 Fureix et al., 2012) . We found an effect of the breed of the horses in the group on number of injuries. Icelandic horses had fewer new injuries following regrouping than warmblood horses after regrouping. There is little evidence in the scientific literature that aggressiveness is related to breed (Fureix et al., 2012) but it is speculated that certain breeds may be more prone to get injured than others. Grogan and McDonnell (2005) , for example, propose that Shetland ponies, because of their small size, may give less powerful kicks and buffer kicks or bites better due to their thicker coat and often higher body condition score. Icelandic horses are also smaller than warmbloods and generally have a thicker coat. Furthermore, the Icelandic horse is often referred to as being calm, with a low tendency to kick. The difference in the location of injuries on the day after mixing compared to when the horses had been in the group for four weeks may reflect differences in the types of interaction, including different orientations of the horses during the social interactions, as the social structure developed. For example, the higher initial level of injuries on the head may reflect more sniffing and investigation when the group is first formed (Hartmann et al., 2011) . Differences in the number of injuries or their location could also be related to breed typical variations in temperament (Hausberger et al., 2004; Lloyd et al., 2008) . Warmbloods, for example, have been selected for enhanced responsiveness and so score high in reactivity tests (von Borstel et al., 2010) .
Breed differences were likewise reflected in the lower proportion of Icelandic horses reacting when the novel object was suddenly moved compared to the warmblood and the other groups of horses. Breed differences in reaction to novelty were also observed by Lesimple et al. (2011) and discussed by Rørvang et al. (2015) but neither sex nor age had a significant effect on the horses' behaviour (Lesimple et al., 2011) .
The presence of a calm companion together with a naïve horse can reduce fear reactions (Christensen et al., 2008) . Thus, we predicted that the horses kept in similar age groups would react more to the novel object than horses in groups including older horses, which are sometimes less reactive than young horses. However, this was not the case. An effect of age was only found on the ease of haltering the horses. This is probably because there were more young horses in the similiar age groups and these horses may have had less experience of being handled. Of more relevance is the fact that there was a tendency in our study for less interference from other horses in the group when separating horses from a mixed sex group than there was when separating horses from a single sex group. This may reflect genuine differences in group cohesion . It supports the descriptive results of Jørgensen et al. (2011) , but any possible differences in group cohesion depending on the sex composition of the group requires further scientific study.
Conclusion
Breed was the main factor accounting for differences in injuries and reactivity. This almost certainly reflected variations in temperament, i.e. Icelandic horses being usually calmer than more reactive warmbloods. Effects of the age and sex composition of the group were minor. The ease of separating a horse from its group is largely related to its experience with being led and separated from peers. However, keeping horses in mixed compared to same sex groups tended to decrease the likelihood of group members following the horse being removed. Overall, injuries recorded were only superficial, giving little support for the belief that keeping horses in groups increases the risk of severe injuries, at least when the horses are familiar with group housing.
